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ABSTRACT 

Boron trifluoride etherate catalyses the condensation of equimolar propor- 
tions of 1,2-rruns-related monosaccharide peresters and thiols to provide a convenient 
synthesis of esters of 1,2-trans-1-thioglycosides. The reaction is efficient with alkyl, 
alkenyl, and some aryl thiols, and with aldopentose, aldohexosz, and hexuronic 
acid acetates and berroates. Some limitations are noted. 

INTRODUCTION 

Current interest in thioglycosides’ rests in their biochemical action as enzyme 

inhibitors2, in their consequent use in affinity chromatography’““~‘Y*“*2V3, in other 
biochemical workr”, anh in their value in glycoside synthesis4_ Often, acylated 
glycosyl halides have been used in the synthesis of these substances5*6, either by 
treating them with thiolate salts or by convertin g them by way of iscthiouronium 

intermediates into I-thiosugars which were then alkylated. in both cases, the genera- 

tion of the glycosyl-sulphur bond involves a displacement by nucleophilic sulphur 
at the anomeric centre of the glycosyi halides in processes which, for well-established 
reasons’, result in the preponderance of 1,2-rruns-related products. On Occasion, 
these products have been obtained diredly from aldoses, glycosides, and peracetylated 
sugars by thiolysis reactions under acidic conditionssV6, but a generally applicable 
procedure for such thiolyses does not appear to have been proposed. 

The Helferich method for preparing aryl glycoside peracetates’, which involves 
the fusion of peracylaldoses with phenols in the presence of added acid (usually 
toluene-p-sulphonic acid), was first extended to the preparation of thio-analogues 
by Hurd and Bonnerg, who prepared phenyl tetra-O-acetyl-l-thiO-~-D-glUCOpyra- 

noside (but only in 14% yield) by a fusion procedure involving toluene-p-sulphonic 

acid as catalyst. More recentlyrc, 1,2,3,4-tetra-O-acetyl+fucose was treated with 
p-nitrothiophenol, in the presence of the same catalyst and small amounts of acetic 
anhydride and acetic acid, to give a mixture of products from which each thio- 
pyranoside was isolated in 35% yield after column chromatography. Repetition of 

this experiment with alteration of the catalyst to zinc chloride, however, gave spec- 
ifically the p compound, which was isolated in 70% yield. Clearly, therefore, the 
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catalyst is important in determining the ratio of products obtained, and in this 
reaction, the protonic acid promoted anomerisation. Other workers have prepared 
various aryl thioglycosides from aldose per-esters by modification of this proce- 
dure”*‘g7’ *, but excesses of thiols were used and yields ofdirectly obtainable products 

were not uniformly good. 
The first efficient thiofyses of sugar esters were apparently effected by Lemieux 

and Brice’ l7 who prepared the acetylated I ,Ztralzs-re!ated ethyl 1 -thiogIycopyran- 

osides of D-glucose, o-mannose, and D-galactose by use of ethanethiot as solvent 
and zinc chloride as catalyst. This procedure has associated practical difficulties and 
cannot readily be applied with non-volatile thiols. The present report describes 
a similarly homogeneous procedure which uses &glycosyl esters, equimolar nropor- 
tions of thiols, chloroform as solvent, anti boron trifluoride etherate, which has been 
used previously to catalyse several carbohydrate reactions but seldom’ ’ giycosidations. 

Other syntheses of thioglycosides involve partial hydrolysis of ditbio- 
acetals5*6*’ 3, thiolysis of Brigl’s anhydridels, pyrolysis of glycosyl xanthate esters l’, 
additions to unsaturated carbohydrates’ ‘, sulphur extrusions from diglycosyf 
disuIphid~s ’ ‘, and anomerisation of other thioglycosides’*. 

DiSCtiSSION 

In keeping with earlier results’ ‘, it was found that, of the anomeric I 3 3 4 6- 9-, , , 
penta-0-acetyl-o-glucoses, the B isomer reacted the faster when treated in chloroform 
solution with thiophenol (1.7 mol. equiv.) and boron trifluoride (1.8 mol. equiv.); 

from both anomers, the /I-thioglycoside tetra-acetate was isolated as the main product. 
The mother liquors contained both plycoside anomers as well as an uncbaracterised, 

less-mobile (t.1.c.) by-product. A general synthetic procedure was then adopted 
which involved the use of slight molar excesses of thiols, and boron trifluoride 
concentrations which afforded convenient reaction rates as indicated by t.1.c. analyses. 
In Table I, the compounds which were synthesised by this method are listed, together 
with the conditions and eEciencies of their preparations. The procedures are thus 

applicable to the synthesis of ace&&ted and benzoylated ~h~o~iycosid~s of penroses, 
hexoses, and hexuronic acid derivatives, and alkyl, alkenyl, and aryl thiols can be 
employed. Ally1 thiogiycosides were of particular interest because of their potential 

value in affinity chromatography, and whereas the /I-thiogalactopyranoside tetra- 

acetate was readily obtained, the /?-glucoside analogue could not be isolated crystalline 
despite the use of a seed crystal. N.m.r. and t.1.c. evidence indicated, however, that 
the reaction proceeded smoothly and that the &Slycoside was the- major product 

in this reaction also. \ 

All of the compounds in Table I, except Nos. 10 and 11, were prepared from 
esters having participating groups at C-2. When the reaction was carried out on 
2,3,4,6-tetra-O-benzyl-cx-o-glucose, which has recently been used so successfuhy in 
c.+glucoside I9 and /I-ghrcoside synthesis2’, smooth conversion occurred to give a 
mixture of phenyl I-thioglycosides from which the cx and /? anomers were isolated, 
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~tt~t prepmmve t.1.c.. in 50% and 17% yield, respectively. While this route does not 

a stable synthesis of the latter, which is best obtained from the acetate 1, 
the former. because of the difhculty in obtaining phenyl I-thio-a-D-gluco- 

jde’ t. After a seed crystal had been obtained as described above, its use 
ittcd dtrect isolation of the phenyl tetra-0-benzyl-I-thio+D-glucopyranoside 

,&pClphcation of the procedure to 1,3,4,6-tetra-0-acetyl-a-~-glucose and thio- 
1 did not result in a thioglycoside ester with an unsubstituted hydroxyl group 

-2, but gave phenyl 2,3,4,6-tetra-O-acetyl-l-thio-P-D-glucopyranoside (38% 
ed) as the main product. Reaction therefore occurred mainly through a 1,2- 
\ontum ion-as was the case with the /I-penta-acetate-rather than by direct 

ent of the acetoxyl group from C-l. Such ester migrations are well known 
drate chemistry 2 2. 

The method did not give good access to the desired product when 1,2,3,4,6- 
penta-O-acetyl-fl+-glucose was used with p-nitrothiophenol. Although a reluted 
oynathsis using zinc chloride as catalyst has been reported to give good yields of u 
~rutrophen yl thioglycoside “, the boron trifluoride reaction gave a mixture of pro- 
ducts which contained (t-kc. and n.m.r.) appreciable proportion\ of the Ix-pnta- 

ate and a-thioglucoside tetra-acetate. The reduced uucleophilicity of the thiol 
ntly permitted anomerisation reactions to compete with the required displucc- 

ikewise, a mixture of products was obtained when tetra-0-ucetyl-1 -thio+rj- 
&cose was used as thiol. the main two having the t.t.c. mobilities 01 sl,/j- and /I./L1 - 
thtotrehatose octa-acetate. 

timetot synthetic procedures. - The carbohydrate starting-matcrralu were Jl 
tylated j?-glycosyl acetates, except for penta-O-bcn7oyl-~~-l~-glucapyrano~c 
for compound 2) and 2,3,4,6-tetra-0-benzyl-a-o-glucose (for compounds 10 

and II). These compounds and the thinls were dissolved in chloroform, boron 
triinuoride diethyl etherate was addea, and the solutions were left at room tem- 

ture except for the reaction with penta-0-benzoyl-/?-D-glucose which WI+ carried 
out under reflux. T.1.c. was used to determine when the starting materials had renctcd 
fuily, at which tunes the solutions were washed with saturated, aqueous sodium 
hydrogen carbonate and then with water. Drying of the chloroform solution!, and 
removal of the solvent gave residues from which the compounds named in Table I 
{with the exception of 10 and 11, which were isolated by chromatographic methodor 
were obtamed by directcrystallisation procedures. The mother liquors contamed 

'ahb nrrrmwtinnc ,-.f +k~ I* nr,.A..,+r "~.-., ..,l&.h ..rr.ro:o*sn*l.r ..JPCP ‘-.LEnnr~.Llr I._ p‘"yw*UV..LI "I ‘X.8, u p"uuccJ, vvlll~.‘ r"‘lJmLc,rrr, "ilk ""s‘.Rl*.. u= 

more-mobile compounds than the j3 isomers on thin-layer chromatograms. 
Phenvl ~~,4.6-tetra-O-acet~~l-I-tliio-~-D-gltrcopyran~.~i~ie. -- (u) Front I,.‘.f,4,6- 

ptwtu-O-ur~ethr- and /?-D-glucose. In initial experiments, the anomeric acetates were 
+arately taken in chloroform (30% solution), rhiophenol (1.7 mol. equib.) an4 
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bran tnfluoride etherate (I .8 mol. equiv.) were added, and the solutions were kept 
III the dark at room temperature. Whereas the b-acetate had undergone complete 
reaction within 2 days, some of the LY anomer was still unreacted after 10 days. 
After 30 days, the products were isolated as described above and shown by n.m.r. 
spectroscopy to contain the a- and /?-anomeric products in the ratio Y I:+ the 
major glycoside being isolated in yields of 59% and 71% from the X- and P-acetates, 
respectively. Chromatographic fractionation of the mother liquors from the prepara- 
tion involving the /I-acetate yielded further p-glycoside (5%) and also phenyl 2,3,4,6- 
tetra-0-acetyl-I-thio-a+glucopyranoside (8%), m.p. 91-92”, [& +228’ (c 0.8, 
chloroform): lit.” m.p. 91-92”, [a],, + 234” (chloroform). 

(!J) From 1,3,4,6-terra-O-aceryz-a-D-glrrcose. The tetra-acetate (1 g) in chloro- 
form (10 ml) was treated for 1 h with thiophenol (0.35 g, 1 .l mol. equiv.) and boron 
trifluoride etherate (2.0 g, 5 mol. equiv.). Two minor products, one having a higher, 
and the other a lower, chromatographic mobility than the main product, were formed. 
Normal processing gave the phenyl fl-thioglucoside in 38% yield. 

Ally1 2,1,4,6-tefra-O-ucetyf-I-thio-B-D-glucopyranosine. - The reaction was 
carried out as usual with penta-0-acetyl-B-D-glucopyranose (2.9 g), chloroform 
(25 ml), 2-propene-1-thiol (1 mol. equiv.), and boron triffuoridz diethyl etherate 
(10 mol. equiv.). Reaction was complete after 1 h, and the products were obtained 
as a colourless syrup, [aID +17.5” (c 2, chloroform), which contained (t.1.c. and 
n.m.r.) mainly the ally1 b-thioglycoside ([a],, -0.5”)25. No crystalline material 
was isolated, despite the use of a seed crystal of the compound which, prepared by 
the method of Cemy and Pacak2’, was found to be difficult to cryctallise. 

Reaction ofp~~tU-O-aCefyl-~-D-g~UCOSe with p-nitrotl~iopkcn~l. - The peracetate 
(1.0 g) and pnitrothiophenol (1.7 5, 1.07 mol. equiv.) were treated in chloroform 
(50 ml) with boron trifluoride etherate (7.3 g, 5 mol. equiv.) at room temperature. 
Reaction was slow, relative to that conducted with thiophenol, and was not complete 
in 7 days by which time several products had been formed. Although a product with 
the chromatographic mobility of the expected /?-thioglucoside was present, there were 
also appreciable proportions of a more-mobile compound (presumably the a anomer), 
and a less-mobile compound with the mobility of penta-0-acetyl-a-D-glucose. Two 
low-field doublets with couplings of -4 Hz in the ‘H-n.m.r. spectrum of the mixture 
were consistent with these tentative assignments. 

Reaction of penta-O-acetyl-B-D-gtucopyranosf? wifh 2,3,4,6-terra-O-acetyl-I- 
thio+D-glucose. - The penta-acetate (2.0 g) and the thiol (1.87 g, 1 .O mol. equiv.) 
were treated in chloroform (25 ml) with boron trifluoride etherate (3.6 g, 5 mol. 
equiv.). After 5 days, traces of both starting materials remained, and four less-mobile 
p:od!ucts had been formed. Of these, the major two had the same t.1.c. characteristics 
as those of fi-n-glucopyranosyl I-thio-P-D-glucopyranoside octa-acetate and u-D- 

glucopyranosyl I-thio+~-giucopyranoside octa-acetate. The mixture was not 
examined further. 
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